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538a Wednesday, March 9, 2011concluded that the possible presence of water may be excluded. Our novel
scheme is currently the only way to perform long-time MD simulations involv-
ing cation-p interactions with reasonable computational cost and with high ac-
curacy. Based on this analysis, we propose a novel structural and functional
element indentified in the active site of T1 lipase.
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Protein Degradation Kinetics and Biochemical Oscillations
Lida Xu, Zhilin Qu.
Protein ubiquitination and degradation are very important posttranscriptional
regulatory processes which are required for biological systems. It is well known
that for biochemical oscillations to occur, besides other posttranscriptional reg-
ulation, such as phosphorylation and dephosphorylation, the rates of protein
synthesis and degradation have to be properly matched. However, the proper-
ties of protein degradation kinetics and how they affect biochemical oscilla-
tions are not well understood. In this study, we first developed a biochemical
reaction model of protein ubiquitination and degradation based on the up-to-
date experimental information and calculated the degradation rate against the
concentration of the free substrate. The model was tuned to a recent experimen-
tal dataset of protein ubiquitination. We show that when the substrate concen-
tration (or synthesis rate) is low the degradation rate linearly increases with the
substrate concentration, but as the substrate concentration increases further it
becomes nonlinear and eventually saturates. We then studied analytically
how linear and nonlinear degradation kinetics affect the instabilities that leads
to oscillations using three generic biochemical oscillation models: pure nega-
tive feedback induced oscillations (the Goodwin model); pure positive feed-
back induced oscillations; and combined positive and negative feedback
induced oscillations. In all three cases, nonlinear degradation kinetics promotes
oscillations and results in much larger oscillation amplitude than the linear ki-
netics does. On the other hand, the time delay due to protein ubiquitination and
deubiquitination generally suppresses oscillations. We finally used computer
simulations of cell cycle and circadian rhythm models combined with the de-
tailed protein ubiquitination and degradation model to demonstrate our theoret-
ical predictions from the simplified models.
Protein Aggregates II
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Halting the Amyloid March: How a Novel Ca2D-Binding Protein, NUCB1,
Prevents the Formation of Amyloid Fibrils
Ruchi Gupta, Neeraj Kapoor, Daniel P. Raleigh, Thomas P. Sakmar.
The aggregation of hydrophobic peptides into amyloid fibrils is a characteristic
pathological feature observed in Type 2 diabetes, Alzheimer’s disease (AD),
Parkinson’s disease (PD) and Huntington’s disease. Both amyloid fibrils and
their pre-fibrillar aggregates exhibit toxicity and it is generally believed that
prevention of aggregation of pathogenic amyloid peptides would prevent dis-
ease progression. In our recent studies, we have discovered a unique anti-
amyloidogenic function of the soluble form of human Ca2þ-binding protein,
NUCB1, namely sNUCB1. We show that sNUCB1 can inhibit amyloid fibril
formation of both Amylin and Ab42 at sub-stoichiometry concentrations. Amy-
lin and Ab42 are amyloidogenic peptides implicated in the pathophysiology of
adult-onset diabetes mellitus and Alzheimer’s disease, respectively. sNUCB1
can inhibit amyloidogenesis even after nucleation and protofibrillar stages
and the process is reversed at high concentrations of Ca2þ. Once fibrils are
formed, sNUCB1 can also disaggregate them in a concentration dependent
manner but only in the absence of Ca2þ. The mechanistic investigation shows
that sNUCB1 stabilizes an oligomeric state of hIAPP aggregate. Ca2þ-free
sNUCB1 binds to and stabilizes a prefibrillar species of hIAPP by ‘‘capping’’
the ends. We further demonstrate that Ca2þ-free sNUCB1 bound prefibrillar
species are dead-end products incapable of seeding the aggregation reaction
of hIAPP. Furthermore, sNUCB1 stabilized prefibrillar species of Ab42
show no toxicity in cell viability assays.
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Decrease in Size of Hen Egg white Lysozyme Aggregates with Decrease in
Monomer Concentration from Micro to Nanomolar in Alkaline pH
Vijay K. Ravi, Kapil D. Singh, Aditya Iyer, C.N. Reddy,
Rajaram Swaminathan.
Earlier work from our laboratory has demonstrated that hen egg white lyso-
zyme (HEWL) is an excellent model protein for investigating protein aggrega-
tion at an alkaline pH of 12.2. Exposure of HEWL to this pH at monomer
concentrations from 0.3 to 120 uM, yielded amyloid fibrils as shown previ-
ously. Here we present the following concentration dependent changes ob-
served with HEWL aggregates subsequent to incubation at pH 12.2 at room
temperature from 0 to 24 hours. A) a two-fold increase in exposure of trp res-
idues in HEWL to water at 0.3 uM compared to 120 uM as revealed by fluores-cence quenching experiments with iodide B) a several fold increase in ANS
fluorescence intensity accompanied by significantly blue-shifted emission on
binding to HEWLmoving from 0.3 to 120 uM. C) a marginal increase in dansyl
probe fluorescence intensity accompanied by significant blue-shifted dansyl
emission in dansyl conjugated HEWLmoving from 0.3 to 120 uM. D) a gradual
increase in steady state fluorescence anisotropy of dansyl probe in dansyl con-
jugated HEWL moving from 3 to 120 uM, although the dansyl mean fluores-
cence lifetime remained concentration independent between 3 and 120 uM.
E) presence of all cys in -SH form with absence of any change in free [-SH]
between 20 & 120 uM, as revealed by DTNP assays. In addition, FCS measure-
ments with rhodamine conjugated HEWL demonstrated facile aggregation of
HEWL in the concentration range 25 nM to 120 uM. The above results imply
that, the size of HEWL aggregates, are clearly dependent on the initial mono-
mer concentration, with lower concentrations like 300 nM favoring small ag-
gregates that possess solvent exposed trp, diminished binding towards ANS
and shorter mean fluorescence lifetime for dansyl probe.
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Does Thioflavin-T Detect Oligomers Formed During Amyloid Fibril As-
sembly
Christopher Persichilli, Shannon E. Hill, Jason Mast, Martin Muschol.
Deposits of insoluble protein fibrils with cross b-sheet structure are the hall-
mark of numerous human disorders, including Alzheimer’s disease and type
II diabetes.Recent results have indicated that oligomeric intermediates, emerg-
ing during amyloid fibril assembly, represent the main molecular species re-
sponsible for toxicity to cells and tissues. Hence, detection of oligomers is
critical for studying amyloid toxicity, for discerning the details of amyloid fibril
self-assembly, and for developing inhibitors of oligomer formation. Thioflavin-
T (ThT) is among the most commonly used indicator dye for the detection of
mature amyloid fibrils in vitro. However, it is not clear which of the various in-
termediates of fibril growth (oligomers, protofibrils and protofilaments) are de-
tected by ThT fluorescence.
To investigate this question, we used ThT for monitoring amyloid fibril forma-
tion of hen egg white lysozyme under partially denaturing conditions. We cor-
related changes of ThT fluorescence with dynamic light scattering (DLS) and
atomic force microscopy (AFM) on the same samples. We have previously
shown that the combination of DLS and AFM reliably detects all intermediates
formed during amyloid fibril growth [1]. Furthermore, we could study the abil-
ity of ThT to discern among two distinct pathways of lysozyme fibril formation:
oligomer-free assembly vs. an oligomeric assembly pathway.
We found that ThT fluorescence did not detect oligomer growth or the nucle-
ation of oligomeric filaments (protofibrils) during lysozyme fibril growth. How-
ever, ThT fluorescence increases did coincide with the formation of monomeric
filaments (protofilaments) in the oligomer-free assembly pathway. These obser-
vations imply that ThT fluorescence is not a generally suitable tool for the de-
tection of oligomeric intermediates during amyloid fibril growth. The
selectivity of ThT for protofilaments over oligomers also suggests that the in-
ternal structure of oligomeric vs. monomeric filaments is distinctly different.
[1] Hill et al., Biophys. J. (2009), 96:3781-3790.
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Photo-Induced Fibrillar Formation of Chicken Egg White Lysozyme Un-
der Native Conditions
Jin-Bing Xie, Meng Qin, Zhi-Qiang Yan, Yi Cao, Wei Wang.
Proteins are generally quite stable under native condition. However, recent
findings showed that many proteins can form amyloid-like fibrils under native
conditions by introducing destabilizing mutations or inserting amyloidogenic
sequences to proteins at the gene level. Can posttranslational modifications at
protein level also induce the fibrillar formation? Here we show that alternation
of disulfide bonds, as one kind of such modifications, can initialize fibril forma-
tion under native conditions. We used UV-illumination to control the breakage
and formation of disulfide bonds in chicken egg white lysozyme (CEWL).
Through a cassette of tryptophan based photochemistry, the two terminal disul-
fide bonds in CEWL can be selectively ruptured. Such alternation mildly dis-
rupts the local structure and results in structural flexibility of the C-terminal
fragment, which allows the C-terminal fragment hooping between ‘‘open’’
and ‘‘close’’ states by thermal fluctuation. The ‘‘open’’ state can serve as the
precursor for fibrillar aggregation. We found that in these fibrils the CEWL
molecules are still native-like and connected through intermolecular disulfide
bonds, different from those in amyloid-like fibrils with beta-sheet structures.
Based on our experimental evidences and all-atom molecular dynamics simu-
lation, we proposed an ‘‘runaway domain-swapping’’ model for the structure of
CEWL fibrils, in which each CEWL molecule swaps its C-terminal fragment
into the complementary position of the adjacent molecule along the fibrils
via intermolecular disulfide bonds. Furthermore, we also found that the fibrils
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fibrils. Besides genetic modifications, our study stands for the first example
of formation of protein fibrils under native conditions through posttranslational
modification. Our finding suggests that long time exposure of organisms to UV
radiation may cause damage of protein functions.
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A 2DCOS Infrared Study of Fibril Formation
Igor de la Arada, Nerea Andraka, Jose Luis, R. Arrondo.
Amyloid fibrils are proteinaceous aggregates that can be formed in the process
of degenerative diseases. Insulin is a model of fibril formation that has pro-
duced a wealth of biochemical and structural data. The time-course of fibril for-
mation can be followed by infrared spectroscopy looking at the appearance of
a characteristic band in the lower region of extended structure. The kinetics is
triggered by temperature at 70 C and pH 2.3.The infrared spectrum shows, that
after a lag time (concentration-dependent), the a-helical band decreases and the
random coil component increases subsequently. Random coil increases up to
a percentage and later a band at 1626 cm-1, associated with extended chains,
replaces the random coil component. Infrared 2D-COS has been applied to dif-
ferent stages of the process. Maps have been formed at different incubation
times: before random coil formation and at different stages in the random
coil-fibril change. Synchronous two-dimensional IR map shows that the pro-
cess occurs in a two step mode. At pH 7.0, heating of insulin for long periods
does not produce the random coil structure and subsequently no fibrils are
formed. Human insulin, with a different aminoacid in the N-terminal segment,
forms a fibril formation in a lower time than bovine or porcine. The bandshape
corresponding to the fibril is different if bovine insulin is compared with human
and porcine; what can be associated with a difference in aminoacids 8 and 10
that are located in the intrachain disulfide bond loop. The results show that
small changes in protein sequence makes the kinetics different. Lipids have
been proposed as one factor influencing fibril formation. The effect of different
lipid composition, including anionic lipids, sphingomyelin and cholesterol has
also been studied to see changes in kinetics looking at the lipid charge.
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General In-Vitro Catalysis of Amyloid Formation by the Bacterial Curli
Protein
Kevin Hartman, Jeffery Brender, Nataliya Popovych, Matthew R. Chapman,
Ayyalusamy Ramamoorthy.
Proteins misfolded into insoluble, fibrillar aggregates known as amyloid are
a pathological feature of many common and devastating diseases. Amyloid for-
mation is typically a slow process that can be strongly affected by extrinsic fac-
tors, among the most critical being the presence of a small amount of preformed
seeds that serves to nucleate aggregation. Amyloid nucleation is often consid-
ered a highly specific process dependent on a high degree of similarity in both
peptide sequence and fiber morphology. However, we show here that amyloid
fibers known as curli that are produced in E. coli and related bacteria catalyze
amyloid formation of a variety of dissimilar amyloidogenic peptides and pro-
teins, including PAP248-286 (SEVI), insulin, and calcitonin. The preformed
curli fibers appear to act as a nucleation site for amyloidogenic proteins and
as such, can decrease the induction time, sometimes drastically, and induce
the formation of fibers. In particular, cross-seeding of SEVI amyloid formation
by curli was more effective than seeding the reaction with SEVI amyloid fibers
obtained under a different reaction condition. The elongation rate of fiber for-
mation is also increased for some (but not all) of the proteins tested, indicating
curli can also increase in some circumstances the rate of addition of proteins to
the ends of amyloid fibers. Curli and curli-like amyloid fibers are ubiquitous in
mammalian hosts, in fact, the innate immune response common to almost all
amyloids has been proposed to have evolved as a response to curli amyloid for-
mation by E. Coli. Given that certain bacteria that express a curli-like protein
colocalize with amyloid deposits in Alzheimer?s patients, the induction of am-
yloid formation by curli may be a factor of high clinical importance.
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Structure, Dynamics and Surface Hydrophobicity of the Cataract-
Associated Mutant, Pro23Thr of Human Gamma D-crystallin: Molecular
Basis of Cataract Formation
Priya R. Banerjee, Swamy Puttamadappa, Ajay Pande,
Alexander Shekhtman, Jayanti Pande.
The cataract-associated Pro23Thr (P23T) mutation in human gammaD-crystallin
(HGD) is geographically widespread - thus there is considerable interest in deter-
mining the molecular basis of opacity. In an earlier study (1), we found that the
mutant showed markedly lowered, retrograde solubility compared to wild-type
HGD, leading to the conclusion that the aggregation of P23Twasmediated by hy-
drophobic protein-protein interactions. Subsequently, using NMR (2) and a bind-
ing assay with the fluorescent dye Bis-ANS (3), we showed that, in fact,hydrophobic patches were generated on the surface of the mutant protein. Those
studies (3) also suggested that the binding site for Bis-ANS onP23Tmay coincide
with the self-association site of themutant and result in its lowered, retrograde sol-
ubility. Here we present new NMR-evidence to identify the Bis-ANS binding
sites, and using independentNMRdynamics studies, also showthat there is amea-
surable reduction in the flexibility of the peptide backbone near the hydrophobic
patches. These two factors, namely the creation of hydrophobic patches and the
lowered peptide backbone flexibility, taken togethermake a compelling argument
that the hydrophobic patchesmay indeed facilitate the nucleation of aggregates of
P23T which are held together by net hydrophobic interactions. Such aggregation
would explain the retrograde solubility as well as the lens opacity in vivo.
1. Pande et al (2005) Biochemistry, 44, 2491-2500.
2. Pande et al (2009) Biochem. Biophys. Res. Commun., 382, 196-199.
3. Pande et al (2010) Biochemistry,49, 6122-6129.
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Polymorphism of Amyloid Fibrils Formed by a Short Peptide from Yeast
Prion Protein Sup35: AFM and Tip Enhanced Raman Scattering Study
Alexey V. Krasnoslobodtsev, Alexander M. Portillo, Tanja Deckert-Gaudig,
Volker Deckert, Yuri L. Lyubchenko.
Misfoldingof prion protein and its subsequent aggregation is the cause of various
prion related diseases. Prions are composed of aggregates of a misfolded prion
protein. Although primary structure of prion protein is the same, its infectious
form, amyloid fibrils, exist as multiple strains. The ability of prions to generate
multiple strains poses an immediate health threat, which renders studies of this
phenomenonvery important. The strains are thought to represent structurally dif-
ferent prion proteinmolecules packed into amyloid fibrils. The biophysical prop-
erties of the fibrils, such as fragility, represent a major mechanism of prion
amplification. Here, we demonstrate that variations in environmental conditions
such as pH, salt concentration, temperature and mechanical stress (stirring) pro-
duces a variety of fibrillar polymorphs for a short peptide CGNNQQNY from
yeast prion protein Sup35. The fibrils differ by their length and diameter as
well as their ability to bundle together.Wehave usedTip-EnhancedRamanScat-
tering (TERS) in combinationwithAFM to study underlying conformational pe-
culiarities of peptides within individual aggregates. Two types of fibrils were
investigated, one formed in water and another one at pH 5.6. These conditions
produce morphologically distinct fibrils in terms of their length and diameter.
They also exhibited different kinetics of aggregation. The Raman spectra ob-
tained with TERS also revealed the peptide conformational differences between
these two types of fibrils. The observed differences are mostly manifested in the
positions of the characteristic amide bands (I and III), suggesting that peptides in
these two types of fibrils have different conformational states. This study dem-
onstrates potentials of such a combined method as TERS/AFM for structural
analysis of individual protein aggregates.
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Amyloid Aggregates Alter the Membrane Mobility of GM1 Gangliosides
Martino Calamai, Francesco S. Pavone.
Neuronal dysfunction in neurodegenerative pathologies such as Alzheimer’s
disease is currently attributed to the interaction of amyloid aggregates with
the plasmamembrane. Amongst the variety of toxic mechanisms proposed,
one involves the binding of amyloid species to GM1 gangliosides. GM1 takes
part into the formation of membrane rafts, specialized microdomains responsi-
ble for the compartmentalization of cellular processes such as signalling and
protein trafficking. GM1 has antineurotoxic, neuroprotective, and neurorestor-
ative effects on various central neurotransmitter systems. In this study, we in-
vestigated the effect of amyloid-like aggregates formed by the yeast prion
Sup35 on the membrane mobility of GM1. Although Sup35 is not associated
to any disease, it contains a highly amyloidogenic structural motif (Sup35NM)
and has been used extensively as a model peptide for studying amyloid aggre-
gation. Preformed Sup35 and Sup35NM aggregates were incubated with neu-
roblastoma cells and GM1 molecules were subsequently labeled with
biotinylated CTX-B and streptavidin quantum dots (QDs). Single QDs bound
to GM1 were then tracked. The trajectories of QDs labeled GM1 molecules
were used to calculate their mean square displacement (MSD) and extrapolate
their diffusion coefficients (D). The diffusion behavior of GM1 in the absence
or in the presence of full length Sup35 aggregates was found to be substantially
identical. By contrast, the mobility of GM1 decreased dramatically in the pres-
ence of Sup35NM aggregates. In this case, the median D of GM1 was found to
be approximately one order of magnitude lower. Furthermore, the motion of
GM1 appeared to change from mostly Brownian in the absence of the
Sup35NM aggregates to mainly confined in their presence. The considerable
interference of amyloid-like aggregates with the lateral diffusion of GM1might
imply a consequent loss of function of GM1, thus contributing to explain the
toxic mechanism ascribed to this particular interaction.
